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The functional role of molecular clustering in the center of the immunological synapse is controversial. In this
issue of Immunity, Cemerski et al. (2008) report that the synapse center can serve as amajor site of sustained
signal transduction.The interaction of T lymphocytes with
cognate antigen-presenting cells (APCs)
results in the formation of specialized
signaling areas named immunological
synapses (ISs [Grakoui et al., 1999]). Ten
years ago, seminal work by A. Kupfer
and colleagues described micrometer-
scale molecular structures at the IS and
referred to them as supramolecular
activation clusters (SMACs [Monks et al.,
1998]). The SMACs are formed within
minutes after T cell-APC conjugation and
are composed of two concentric regions:
the central SMAC (cSMAC) where T cell
receptors (TCRs) are enriched and the
peripheral SMAC (pSMAC) where the in-
tegrin LFA-1 and its ligand ICAM-1 are en-
riched. The functional roles of these two
distinct regions have been controversial,
and in this issue of Immunity, Cemerski
et al. (2008) provide important insights
and food for thought by showing that
the cSMAC can signal under certain
circumstances.
The formation of concentric supramo-
lecular structures parallels T lymphocyte
activation. It was therefore initially thought
that such molecular rearrangements at
the IS would be instrumental for produc-
tive signaling in T cells (Monks et al.,
1998) (Grakoui et al., 1999). This idea
was supported by the observation that
accessory molecules (such as CD28)
and intracellular signaling components
(such as p56lck and PKCq) are enriched
in the cSMAC, whereas putative inhibitory
molecules (such as CD45, CD43, and
CD148) are excluded. These findings
suggested that molecular segregation at
the IS could be mechanistically linked to
the remarkable sensitivity of T cells to
antigenic stimulation. It was thought that
cSMAC formation could enhance signal-
ing, allowing a few cognate pMHC to elicit384 Immunity 29, September 19, 2008 ª200T lymphocyte activation (Monks et al.,
1998) (Grakoui et al., 1999).
Several lines of evidence have since
challenged this paradigm. The observa-
tions that TCR signaling initiates in the
periphery of the IS and precedes TCR
clustering in the cSMAC (reviewed in
Trautmann and Valitutti, 2003) argued
against a central role of concentric syn-
apses in initiating signal transduction.
Accordingly, it has been shown that
cytotoxic T lymphocyte (CTL) can elicit
cytotoxicity in the absence of stable
micrometer-scale molecular segregation
at the IS, demonstrating that T cell effector
function can be activated in the absence
of prototypical SMAC (Trautmann and
Valitutti, 2003) (Purbhoo et al., 2004).
Additional studies contributed to revise
the notion that concentric supramolecular
structures are instrumental for T cell acti-
vation by showing that IS structures are
manifold. They vary depending on the na-
tureofT cells and APCs and on the strength
of antigenic stimulation (Trautmann and
Valitutti, 2003). In addition, although con-
centric ISs are seen in vivo, these struc-
tures do not always correlate with T cell
activation (Barcia et al., 2008).
What is therefore the ‘‘raison d’eˆtre’’ of
cSMAC and pSMAC structures frequently
described at the IS? An alternate model
posits that molecular segregation at the
IS could lead to two functionally distinct
areas: a peripheral area (corresponding
to the pSMAC) where productive TCR sig-
naling takes place and a central area (cor-
responding to the cSMAC) where TCRs
would not signal but rather be internalized
and degraded (Lee et al., 2003) (Varma
et al., 2006). This idea was initially sug-
gested by the observation that the inten-
sity of signaling (as detected by staining
fixed T cell-APC conjugates with anti-8 Elsevier Inc.phosphotyrosine antibodies) is lower in
the cSMAC as compared to the pSMAC
(Lee et al., 2003). More recently, total
internal reflection fluorescence micros-
copy (TIRFM) studies revealed that in ISs
formed between T cells and an artificial
surrogate APCs (planar lipid bilayers
containing MHC- and ICAM-1-embedded
proteins), TCRs form microclusters. Mi-
croclusters originate in the periphery of
the IS and move toward the cSMAC.
Although peripheral TCR microclusters
recruit signaling components, once in
the cSMAC, they lose detectable signal-
ing activity (Varma et al., 2006). Thus,
TIRFM studies support the idea that
productive TCR signaling is extinguished
in the synapse center.
In this issue of Immunity, Cemerski et al.
(2008) provide results that can contribute
to revise this latter model. The authors
investigated signal transduction at the IS
in CD4+ T cells interacting either with
planar lipid bilayers or with APCs loaded
with different concentrations of antigenic
peptides. They compared, by using sev-
eral readouts, signal transduction in the
cSMAC to that in the pSMAC at different
time points (a few minutes versus one
hour). They report that weak antigenic
stimuli triggered sustained protein tyro-
sine phosphorylation predominantly in the
cSMAC (as measured by anti-phospho-
tyrosine and anti-pZAP-70 staining). For
strong antigenic stimuli, phosphotyrosine
and pZAP-70 detection at the cSMAC
was weaker, presumably because of
high-rate TCR downregulation (Lee
et al., 2003) (Varma et al., 2006). Accord-
ingly, at high antigen concentration,
inhibition of TCR downregulation by
treatment with chlorpromazine (an inhibi-
tor of clathrin-mediated internalization)
enhanced phosphotyrosine staining in
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tually occurs in the cSMAC at high antigen
concentration, the authors measured the
phosphorylation of TCR-z chains. This
analysis showed that 1 hr after stimula-
tion, fully phosphorylated TCR-z chains
accumulated into the cSMAC. Accord-
ingly, at high antigen concentration, sus-
tained activation of phosphatidylinositol
3-kinase (PI3K, a signaling effector down-
stream of protein tyrosine kinases) was
detected in the cSMAC.
Having observed that the cSMAC can
serve as a platform for sustained signal-
ing, the authors investigated whether en-
hancing cSMAC formation could enhance
T cell activation. They took advantage of
their previous finding that engagement of
the receptor NKG2D can induce cSMAC
formation (Cemerski et al., 2007). In agree-
ment with previous results (Cemerski
et al., 2007), the authors observed that
enforced cSMAC formation inhibited pro-
liferative response to strong TCR ligands.
Conversely and interestingly, proliferation
induced by pMHC behaving as weak
agonist was increased by NKG2D en-
gagement. By combining in silico and
in vitro studies, the authors had already
proposed that the cSMAC could serve as
an adaptive controller of T cell activation:
enhancing weak signals and attenuating
strong ones (Lee et al., 2003) (Cemerski
et al., 2007). Here, they provide further
experimental support to their model.
All in all, this work has the merit to recon-
cile previous contrasting findings. Al-
though recent reports showed a reduced
signaling in the synapse center (Lee
et al., 2003) (Varma et al., 2006), other
studies suggested that the entire T cell-
APC contact site could serve, at least at
defined time points, as signaling area
(Leupin et al., 2000). Here, Cemerski
et al. (2008) show that signaling can occur
both in the pSMAC and the cSMAC de-
pending on the time and on the strength
of antigenic stimulation. Together with
previous reported data, this study sug-
gests that although TCR signaling initiates
in the periphery of the IS, sustained signal-
ing evolves differently depending on the
strength of antigenic stimulation. For
strong antigenic stimuli, engaged TCRs
are rapidly degraded. Therefore, although
productive signaling occurs in the cSMAC,
phosphorylated signaling components are
difficult to detect possibly because of their
rapid degradation. For weak antigenicFigure 1. TCR Signaling Can Occur Both in the pSMAC and the cSMAC
After T cell-APC conjugation, signaling (shown as tyrosine phosphorylation, green) initiates in the periph-
ery of the IS both at high and at low antigenic stimulation. TCRs are internalized and degraded in the IS
center (red). With high antigen stimulation, signaling continues throughout the IS. Because TCR degrada-
tion rate in the cSMAC is high, tyrosine phosphorylations are not easily detected. However, signaling does
occur in the cSMAC as detected by PI3K activation (see text). At low antigen densities, sustained tyrosine-
phosphorylation events are more pronounced in the cSMAC where they coexist with a moderate rate of
TCR degradation.stimuli, the rate of TCR degradation (and
possibly recruited signaling components)
is slower, and therefore sustained tyro-
sine-phosphorylation events are easily
detected in the cSMAC (Figure 1). This
view goes back to initial studies showing
that, during sustained T cell-APC interac-
tion, MHC molecules accumulated into
the IS center where they were thought to
productively engage TCRs (Monks et al.,
1998) (Grakoui et al., 1999).
The work by Cemerski et al. (2008) rai-
ses interesting questions. The mechanis-
tic link between cSMAC formation and
fine-tuning of signal transduction is not
established. In other words, it is not clear
at which step(s) of the signaling cascade
the balance between signaling and degra-
dation turns in favor of either one or the
other, depending on the time and strength
of antigenic stimulation. This question
could be addressed by visualizing multi-
ple components of signaling and/or deg-
radation pathways with multicolor 3D
immunofluorescence microscopy. This
approach would allow the definition of
spatiotemporal patterns of signaling and/
or degradation pathways in the cSMAC
for better understanding of its dual func-
tional role. The constant development ofImmunity 29, Smicroscopy tools and the availability of
new generation fluorochromes exhibiting
high stability and narrow spectra of emis-
sion should allow the authors and others
to address this question in the next future.
Another issue is how to reconcile the find-
ings by Cemerski et al. (2008) with recent
findings showing that TCR microclusters
lose detectable signaling activity in the
center of the IS (Varma et al., 2006). A
possible way to address this point would
be to investigate the signaling character-
istics of TCR microclusters in T cells in-
teracting for sustained time with lipid
bilayers that display either pMHCs be-
having as weak agonists or low densities
of cognate pMHCs.
In conclusion, ten years after the de-
scription of 3D molecular clustering and
segregation at the IS, we are far from
establishing a definitive relationship be-
tween the structure and the function of
the cSMAC. Work done during the last
ten years established that the cSMAC is
not an area of privileged TCR signaling
as originally proposed, but is the site of
signaling termination. It is now becoming
clear that this area is not solely the ceme-
tery of triggered TCRs. On the contrary,
it can serve as a platform on whicheptember 19, 2008 ª2008 Elsevier Inc. 385
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events coexist. This specialized region at
the T cell-APC contact site appears to
play a key role in tuning T cell activation
worth investigating more in depth.
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